The periclase-MgO has excellent refractory properties due to the high melting point (2800°C), strongly basic, without being toxic and good corrosion resistance. All these characteristics have determined the importance of this material as refractory in the cement industry, during the last 65 years. Notwithstanding its use has been limited in rotary kilns due to low thermal shock resistance (Kingery et al., 1976) . In fired magnesia-based bricks, the low-melting bond phases are silicates which melting ranges are a function of the molar ratio of CaO to SiO 2 . Silicate-bonded magnesia chromite contain magnesia (MgO) and chromite ((Mg,Fe)(Cr,Al) 2 O 4 ) grains with silicates at the grain boundaries. In this system the "direct" attachment of magnesia to chromite occurs without any interrupting film of silicate. These materials show a high resistance to a wide variety of slag and stability under vacuum at high temperature (Goto&Lee, 1995; Qotaibi et al., 1998) . Although magnesia-chrome refractory has excellent thermo-mechanical characteristics, the use of these materials has been restrained in many countries due to environmental considerations and governmental regulations concerning the chrome-wastes that they generate and because of their dangerousness. The environmental protection is due to the carcinogenic issues related to hexavalent chromium (CrO 4 2-). In view of these refractories wastes with more than 5 mg/l of Cr are forbidden in Europe and USA (Obregón et al., 2011) . Containing chrome-free materials in clinker kilns has been one of the most important challenges in cement industry. In some years later the addition of MgAl 2 O 4 -spinel to MgO was a possible alternative for refractories with a significant improvement of the thermomechanical properties of magnesia material. The spinel mixed oxide is very attractive as refractory material in heavy industries because it exhibits an unusual combination of properties: high melting point (2135°C), low thermal expansion, considerable hardness, high resistance to chemical attack, favourable chemical stability, and good thermal spalling (Domanski et al., 2004) . Based on their properties these materials are being used for lining by glass, cement and siderurgy industries. Magnesia-spinel refractories are usually prepared by sintering from high alumina cement and synthetic MgAl 2 O 4 -spinel. However, at present, the cost of the sintered and electrofused spinels has limited their applications. Consequently, in view of the irreplaceable character of such materials in the industry, alternative routes focused on the synthesis of this kind of refractories, by a more economic procedure, h a v e b e e n d e v e l o p e d . I n t h i s w a y t h e preparation of calcium aluminate cements containing MgAl 2 O 4 -spinel using appropriate mixtures of active alumina and dolomite from Spain and Egypt has been reported (De Aza et al., 2003; Khalil et al., 2001) . On the other hand, it has been described, recently, a similar way of synthesis using a dolomitic raw material from Argentine, and the α and γ polymorphs of alumina, commercially available. (Lavat & Grasselli, 2007; Lavat et al., 2009 ). According to these results, independently of the type of alumina used, a mixed phase product consisting of spinel, as a major phase, accompanied by CaAl 2 O 4 (CA) and CaAl 4 O 7 (CA 2 ), as secondary phases, was obtained. In addition, it was found that the formation of spinel phase at lower temperature is favoured by γ-Al 2 O 3 . Although these materials are conventionally applied refractories, their composition is not adequate, from the thermodynamic point of view, as they would form liquids at low temperature (≈1400°C) when combined with the components of cement, as can be recognized from the phase equilibrium diagram in the system Al 2 O 3 -CaO-MgO-SiO 2 (Obregón et al., 2011) . Furthermore, magnesia-spinel refractories present relatively low corrosion resistance under the work conditions in the cement kilns, developing hot points. In the beginning of the corrosion process the liquid phase of clinker penetrates inside the substrates through open porosity and grain boundaries. It is in this context that, in recent years, the calcium zirconate (CaZrO 3 )-magnesium oxide (MgO) composite material is an interesting alternative for replacing the MgAl 2 O 4 -MgO system, which has become important for the development of cement industry, due to their enhanced refractoriness (Contreras et al., 2005) . On the other hand CaZrO 3 -MgO is relevant, from the environmental point of view, because it is an ecological alternative for the development of cement industry, due to the fact that non dangerous wastes are generated. In particular CaZrO 3 is a phase of high melting point (≈2340°C), without polymorphic transformations, which is compatible with MgO and Portland cement silicates, very resistant to the penetration of fluxes from the clinker (Obregón et al., 2011) . In this system, a so-called elastic direct bond between MgO and CaZrO 3 has been reported. Due to this bonding formation and the high refractoriness of CaZrO 3 , the MgO-CaZrO 3 composite materials are characterized by a high hot mechanical resistance and an excellent corrosion resistance against alkaline, earth alkaline oxides and basic slag (Serena et al., 2004) . Moreover from the analysis of the post-mortem bricks conformed from the above mentioned materials, it was demonstrated a higher corrosion resistance than in MgOchrome or MgO-spinel refractories (Rodríguez-Galicia et al., 2007) . On the other hand, MgO-CaZrO 3 composite refractories also can be synthesized from low cost raw materials, as dolomite, by mixing this mineral with the adequate stoichiometric amount of commercial zirconium sources, using a conventional solid-state reaction (Serena et al., 2005; Suzuki et al., 2000) . Dolomite ores are available around the world and Zr occurs widely over the earth crust, but not in very concentrated deposits; as the major minerals are baddeleyite-ZrO 2 and zircon-ZrSiO 4 . Undoubtedly, this seems an attractive route for the production at low cost of the Mg-Zr-based high temperature structural material. Considering that the most important dolomite mineral resources in Argentine are located in Olavarría District, close to cement plants, and in order to advance in the feasibility of application of these potentially useful raw materials, our investigation has been extended to the preparation of MgO-CaZrO 3 refractories for the cement industry. In order to establish the most adequate synthesis condition for the composite refractory materials, two batches, containing commercial grade zirconia-ZrO 2 and zircon-ZrSiO 4 , labeled D-Z and D-ZS, respectively, with the appropriate amount of the dolomitic ore (D), were prepared. The thermal and structural changes which take place during the firing of the batches up to 1400°C were studied by the combination of diffractometric and infrared spectroscopy data, at the most remarkable reaction steps. The microstructures of the final products of each specimen were also analyzed.
Experimental procedure 2.1 Materials characterization
The starting materials employed in this investigation were a commercially available zirconia (CF-Plus, Z-Tech) and industrial grade zircon (Kreutzonit), which were mixed with the adequate molar ratio of a dolomitic mineral ore supplied by Polysan S.A. Company (Polysan M. R., Sierras Bayas, Bs. As., Argentine). A sieved dolomite fraction ≤125µm was characterized from its chemical, mineralogical and grain size properties.
The chemical composition was determined by X-ray fluorescence wavelength dispersive technique. The automatic fusion with lithium tetraborate was applied as preparation sample method. Reference certificated materials were used for calibration. The particle size analysis was determined by laser granulometry, in wet suspensions with isopropylic alcohol, using a Malbern-Mastersizer-S apparatus. The chemical composition, mean particle size "d" and specific surface area "S" results of samples are given in Table 1 . The surface area was determined by the BET method through the N 2 adsorption technique at 77 K, using a Quantachrome Nova 1200e pore size and surface area analyzer. Finely ground polycrystalline samples were mineralogical analysed by FTIR vibracional spectroscopy and X-ray diffraction. The XRD measurements were carried out with an automated PW model 3710 Philips diffractometer, with graphite monochromated Cu Kα radiation. Phase identification analysis was carried out by comparing the respective powder X-ray diffraction patterns with standard database stated by JCPDF and the bibliography information available in the literature. The FTIR spectra were measured using a Nicolet-Magna 550 FTIR instrument, with CsI optics applying the KBr "pellets" technique and software OMNIC 3.1. Spectra interpretation was based on published data and FTIR spectra of Minerals Library Software. The microstructure of the materials was obtained by scanning electron microscopy (SEM) using a Microscope Jeol JSM-6460LV. The X-ray microanalysis was performed by an EDAX Genesis XM4 -Sys 60, equipped with an EDAX mod EDAM IV multichannel analyzer, with Zaffire Si(Li) detector and a ultra thin Be window and software EDAX Genesis versión 5.11
Raw Materials

Samples preparation
Two batches of refractories, labelled D-Z and D-ZS; as already stated, were synthesized in view of the respective phase diagram. Firstly considering the ZrO 2 -MgO-CaO ternary system phase diagram (Serena et al., 2005) , as well as the chemical composition of raw materials detailed in Table 1 , equimolar mixtures of dolomite and zirconia were prepared in order to obtain the refractory material of nominal composition MgO-CaZrO 3 . After that, according to the ZrO 2 -MgO-CaO-SiO 2 quaternary system phase diagram (Rodríguez-Galicia et al., 2005) , a mixture containing 78% dolomite with industrial zircon was also manufactured.
The mixtures were dry-homogenized. Half of them were submitted to conventional ceramic procedure by solid state reaction at high temperatures with intermediate grindings. The rest was pressed at approximately 200 MPa and the "pellets" were thermally treated simultaneously with the powdered sample preparation. Although both alternatives were carried out for purposes of comparison, the latter procedure is more feasible at an industrial level. Firing was carried out in a muffle furnace under atmospheric condition.
To stabilize the ceramic bond, the materials were kept at intermediate temperatures for 1 hour and at the highest temperature for several hours. The samples treated at the various temperatures, in the thermal interval, were mineralogical characterized applying the same methodology as described for raw materials. Based on these results, the optimum temperatures for the in-situ generation of phases were established.
Results and discussion
Raw materials characterization
According to the chemical analysis of raw materials given on Table 1 , it may be seen that the major impurities of the dolomitic source under study are SiO 2 , Fe 2 O 3 and K 2 O, bearing a higher SiO 2 content than those used by other researchers which are around 0,02-0,5 weight % (De Aza et al., 2003; Khalil et al., 2001) . The presence of these impurities is related to the geological origin of CaMg(CO 3 ) 2 ores. The most important dolomite mineral resources in Argentine, comprises an igneous-metamorphic basement covered by Neoproterozoic sedimentary rocks. These dolostones are characterized by abundant dolomite and low proportions of calcite. Quartz, illite and feldspar are the most common impurities of carbonates fraction. Calcite cements are included in voids and veins and quartz generally is present as silt-sized clasts dispersed in the dolomite matrix, as well as multi-generational cement inside voids. Occasionally silica is present as fine chert (amorphous silica), which fills voids or replaces carbonate. The mineralogical composition estimated by XRD is: dolomite 75-95%, calcite 1-5%, quartz and chert 1-15%, clay minerals <2% and feldspar <1% (Gómez Peral, 2007) . The weight loss of around 40% is compatible with the release of gaseous CO 2 . Meanwhile, the mean size particle of the dolomitic mineral, measured by laser granulometry, is 24,27 µm and the surface area is 2,4 m 2 /g. On the other hand, the chemical composition of Zr-sources was also analyzed. In the case of zirconia, the main impurity HfO 2 is normally present in this mineral due to the extremely difficult separation of Zr from Hf. The reason for this is the similarity between the crystal chemistry of Zr(IV) and Hf(IV) which ionic radios are identical. In the light of the chemical similarity between Zr and Hf which is well exemplified in their geochemistry, for Hf is found in nature in all zirconium minerals in the range of a fraction of a percentage of the Zr content (Cotton & Wilkinson, 1988) . The amounts of the rest of the elements are negligible. The well-known mechanical and electronic properties of ZrO 2 -materials based on total or partially stabilized cubic or tetragonal zirconia have led to their widespread use as structural materials, solid-state electrolytes, catalytic support, and thermal barrier coatings (Serena et al., 2005) . As can be seen, according to the chemical composition, commercial zircon is very pure. The impurities in natural zircon powder limit its applications, especially for high temperature uses (Popa et al., 2006) . Notwithstanding the presence of a certain amount of Hf in zircon, as in zirconia, should not be unexpected. ZrSiO 4 is commonly used in the pigment industry in the production of glazes and pigments due to their high thermal and chemical stability, as well as for its low thermal expansion coefficient and low thermal conductivity. Zircon sands are widespread geological occurrence, as a common accessory mineral of igneous rocks and sediments. In technical applications is more advantageous in comparison with ZrO 2 because this oxide is obtained by a complex and expensive process from zircon sands (Ozel & Turan, 2007) . 
Fig. 1. Minerals characterization of raw materials, XRD patterns
Regarding the particle size and surface properties of both Zr materials, these display lower particle sizes and appreciable higher specific surface than natural dolomite, which should be beneficial for the reactivity of both solids. In order to analyze the mineralogical composition, the XRD patterns of all the raw materials were registered. The diffractograms are depicted in Fig. 1 . In addition, the PDF records for raw materials, as well as the files belonging to the rest of the phases under analysis, are detailed in Table 2 , as already stated. Based on this analysis, it is concluded that the dolomite sample also contains subordinate amounts of calcite (C) and quartz (Q) but in a lesser extent, in accordance with the chemical composition. Quartz is, of course, of almost universal occurrence in dolostones, at least in trace amounts, the enhanced intensity is due to an orientation effect. In the case of zirconia it is mainly monoclinic zirconium oxide (m-ZrO 2 ) and presents quartz as impurity. The quartz presence is consistent with the small amount of SiO 2, which was determined by chemical analysis, in both raw materials, as detailed in Table 1 . The presence of HfO 2 could not be determined by DRX because its diffraction pattern is superimposed with the m-ZrO 2 which posses an identical crystal cell. Regarding the XRD pattern of Zircon, the presence of ZrSiO 4 as a pure phase, is confirmed, in accordance with the chemical analysis.
To complete the analysis of the mineral phases present in the raw material the measurement of the vibrational spectra was registered. The FTIR spectral patters are shown in Fig.2 Dolomite, which has a calcite-type structure, shows its overall bands among which the diagnostic ones are at 1443, 882 and 728 cm -1 belonging to CO 3 -2 anion, are present, as can be seen in Fig.2 . The positions are shifted to higher frequency due to the smaller size of Mg(II) in comparison with Ca(II). Despite the structural differences, calcite bands are not seen because they are located at similar frequencies as dolomite bands (1428, 878 and 714 cm -1 ) and therefore overlapped with the broad bands of this predominant mineral. Although quartz is a minor constituent, it can clearly be identified by the bands located at 1144 and 1085 cm -1 , which are attributed to SiO 4 group vibrations (Wilson, 1987) . The zirconia spectrum, depicted in Fig.2 , indicates the presence of isostructural ZrO 2 and HfO 2 , both having a monoclinic structure, with contributions to the bands attributed to Zr-O and Hf-O vibrations from the ZrO 7 (HfO 7 ) units. The six characteristic bands of zirconium oxide can be seen located at: 722, 574, 490, 409, 343 and 258 cm -1 . A unique HfO 2 band can be observed at 752 cm -1 , the remaining bands (635, 600, 512, 410, 343, 324 and 255 cm -1 ) belonging to this oxide are hidden behind those of zirconium oxide (Neumayer & Cartier, 2001) . These features are in accordance to the low proportion of HfO 2 present in the raw material, as already discussed. The SiO 4 group vibrations belonging to quartz are observed at 1144 and 1085 cm -1 , as in dolomite. However, these are weak; corroborating that amount of quartz present in zirconia is lower than in dolomite, in accordance with the chemical analysis (see Table 1 ). The additional weak absorptions, centered in 3400 cm -1 , 1630 cm -1 and 1575 cm -1 are assigned to O-H, H-O-H and M-OH (M is Zr or Hf) vibrations respectively, which are attributed to absorbed water to these metal oxides (Neumayer & Cartier, 2001) . Regarding the spectrum of zircon, it may be interpret based on its structure which is formed by chains of alternating edge-sharing SiO 4 tetrahedra and ZrO 8 triangular dodecahedra, running parallel to the c-axis. The spectrum depicted in Fig. 2 exhibit the diagnostic bands of ZrSiO 4 . The main infrared absorptions observed at 1005 and 900 cm -1 , belong to Si-O stretching vibrations, with the deformational mode of SiO 4 unit at 435 and 387 cm -1 ; the sharp band observed at 613 cm -1 are associated to Zr-O bonds of ZrO 8 units (Ozel & Turan, 2007) . In addition, the weak absorptions bands located at 3000-2900 cm -1 and at 1630 cm -1 are due to hydroxyl ion impurities in zircon and deformation of the HOH bonds, respectively (Dawson et al., 1971) .
Evolution of the phases on heating, for D-Z specimens
For the detailed analysis of the phase changes during the preparation of the D-Z refractory, in every thermal step; the relative intensity of the characteristic peaks of each crystalline compound expected to appear was measured, within the temperature range from ambient to 1400ºC. The instrumental conditions were maintained constant in order to obtain the comparison of the same XRD characteristic lines by using "batch program" analysis in PC-APD software (version 3.6). With the same aim a standard procedure was adopted for the preparation of the test specimens as in other related works (Aras, 2004) . The typical reflections selected to carry out the analysis are detailed in Table 2 . The FTIR spectra measurements were carried out in order to study the structural changes and the formation of the new bonds during the reactions. The microstructure of the final product obtained was evaluated by SEM-EDX analysis.
Evolution of the phases D-Z on heating by X-Ray diffraction
The XRD patterns belonging to the different heating temperatures selected to represent the phase evolution upon calcinations, for the batches labelled D-Z, after heating at 1000, 1150 and 1400°C, are shown in Fig.3 . From X-ray diffraction analysis of the most relevant reaction steps, it was possible to establish that no dolomite is detected after the calcination at 1000°C, in accordance with equation 1, whereas the peak of calcite persists, suggesting that equation 2 has not been completed. At the same time, the main peaks belonging to m-ZrO 2 are still present. The new phases resulting from the thermal decomposition of dolomite and subsequent reaction with zirconia, as CaZrO 3 and MgO, were clearly detected, as well as the presence of zirconia, labeled ZrO 2 (ss), with cubic structure. The typical diffraction lines of both zirconia polymorphs are distinguishable by XRD measurements, accurately, as can be seen from the data available in Table 2 . This allows to confirm the formation of a solid solution of (Zr,Ca)O 2 , commonly called stabilized zirconia, by the solid state reaction between CaO and www.intechopen.com m-ZrO 2 , with improved mechanical properties. In summary, these results allow affirming that, after the thermal treatment at 1000 °C, the following reactions have occurred:
CaO (s) + m-ZrO 2 → ZrO 2 (ss)
CaO (s) + ZrO 2 (ss) → CaZrO 3 (s)
Despite CaO peaks are absent, giving support to equations 3 and 4, the presence of free lime is discussed later, when FTIR results are analyzed. On the other hand the diffractions belonging to SiO 2 , as quartz, accompanying the dolomitic source, remained constant. Ca 2 SiO 4, labeled β-C 2 S, and the spinel phase MgAl 2 O 4 appear, at this temperature. The presence of β-C 2 S is attributed to the solid state reaction involving SiO 2, from quartz, and CaO available, in accordance with equation 5. The formation of the mixed oxide MgAl 2 O 4 , belonging to the spinel structure, in a minor extent, is supported by the appearance of its main peak as a weak signal. This compound is a consequence of the reaction between free MgO and Al 2 O 3 (see equation 6), consistent with the low amount of aluminum oxide, determined by X-ray fluorescence in the raw material (see Table 1 ). Spinel formation was observed at the same temperature in the previous research, involving the reaction between the dolomitic resource and alumina, in the synthesis of MgAl 2 O 4 -spinel-containing refractory cements (Lavat & Grasselli, 2007; Lavat et al., 2010) . Concerning the peaks belonging to m-ZrO 2 , these remained but with considerable low intensity. According to these results the following reactions are proposed, after this thermal step: 
When the temperature reaches 1400°C, m-ZrO 2 , is not present and simultaneously all the phases formed by the preceding reactions (labeled as CZ, M, ZrO 2 (ss), E and β-C 2 S in Fig.3 ), are maintained with increased intensity.
Concerning the presence of a minor amount of HfO 2 in zirconia, the XRD measurements do not recognize the formation of CaHfO 3 , as the resulting compound from the reaction of available CaO and HfO 2 , because the characteristic lines of this solid lay in the same diffraction angle value than the analogous Zr compound, due to the identical crystal sizes. The same consideration has been already reported (Zoz & Karaulov, 1991) . For more detailed information, the XRD main diffraction intensities of every component detected in the patterns is plotted against temperature as depicted in Fig. 4 . When there is an overlap of the main peaks for two phases, the second reflection reported in Table 2 was also used. As can be seen in this figure, a sharp decrease is observed in dolomite peaks down to 900°C whereas the rest of the accompanying mineral, as calcite and quartz, as well as zirconia, decline more slowly until around 1100°C and the latter is observable down to 1200°C. These features account for an early temperature of reaction of dolomite and simultaneously the maintenance of zirconia in the original monoclinic structure, in this thermal range. Regarding the phases formed upon firing, the growth of peak intensities of all the products, CaZrO 3 , ZrO 2 (ss), MgO, β-C 2 S and MgAl 2 O 4 , is observable over 1100°C. This indicates that the reactions proceed more straightforward over this temperature. Furthermore, as shown in the same figure, a sharp increase is observed in the XRD counts for all components around 1150°C and 1300°C, more markedly in the major components. These features could be attributed to many effects, such as degree of crystallinity, changes in the size of crystals, due to firing, and also with crystal preferential orientation. Nevertheless the general trends of the evolution of the all phases are similar and consequently it may be infer that the rate of formation of the products is similar. A resembling profile has been observed during the preparation of spinel-containing refractory cements, which shows a maximum assignable to the porosity and small grain size of the crystalline phases formed during the reaction (De Aza et al., 2003) . The amount of the major phase formed, CaZrO 3 , (A CZ , in percent), can be estimated from XRD measurements using the following expression, and nomenclature detailed in Table 2 :
A CZ = [ I CZ / (I CZ + I M + I Z* + I β-C2S + I E )] x 100 (7) Where I i is the integrated intensity of the characteristic diffraction of each phase. A similar methodology was employed in another work (Domanski et al., 2004) . According to this semi-quantitative analysis the proportion of the major phase CaZrO 3 in the final mixture, at 1400°C, is 66 %. Whereas the amounts of rest of the components, estimated by the same calculation, are: ZrO 2 (ss), 10,5%; MgO, 6,6%; β-C 2 S, 14% and MgAl 2 O 4 , 2,8%. As can be seen, the amount of β-C 2 S is not negligible, in consistence with the relatively high content of SiO 2 found in local dolomite, in comparison with the amount reported for the same mineral in other countries. However the global composition is suitable for refractory purposes. Finally, no vitreous components are observed in the material.
FTIR spectra analysis of specimen D-Z, during firing
The FTIR vibrational spectra depicted in Fig. 5 are suitable to complement XRD information in order to get a more accurate composition of phases at each thermal step during the synthesis of MgO-CaZrO 3 -containing refractory material. The advantage of using IR spectra is the sensibility and that even amorphous materials can be identified. According to Fig. 5 , after the thermal step at 950ºC, the significant bands located at 1443 y 882 cm -1 due to the CO 3 -2 anion, characteristic of dolomite, are observed (Wilson, 1987) . It would be necessary to indicate that the characteristic diffraction line of dolomite could not be ascertained by XRD analysis, at this temperature, as already discussed. However, due to the higher sensibility of the spectroscopic technique, these bands are still observed.
In the spectrum of the sample treated 1000ºC, the carbonate anion absorptions show a displacement to a lower frequency region, lying at 1428 and 878 cm -1 , which are assignable to calcite. Calcite bands are persistent in the spectrum up to 1150ºC. These results corroborate the calcite formation at 1000ºC, detected from XRD analysis, as a result of the Fig. 5 . FTIR spectra of D-Z specimens treated in the thermal range 950-1400 ºC At the same time, when the spectra of the samples fired over 750°C were analyzed, the presence of portlandite-Ca(OH) 2 , could be ascertained by the sharp absorption located at 3643 cm -1 , assigned to O-H stretching vibration belonging to calcium hydroxide. This band becomes weaker as temperature increases, until it disappears completely at 1000ºC. This spectroscopic evidence is in agreement with the presence of free lime-CaO (see equation 2), since this highly reactive oxide forms portlandite, as a consequence of its ease to react with the atmospheric humidity (Lavat & Grasselli, 2007) . However, the characteristic XRD lines belonging to portlandite were not observed due to their superposition with the ones of the other compounds XRD diffractograms, especially with those of zirconia; or furthermore due to the poorly crystallized nature of this solid. The CaZrO 3 is an extremely ionic solid which belongs to the perovskite structure, with orthorhombic symmetry (Orera et al., 1998; Prasanth et al., 2008) . The infrared active (IR) modes are somewhat similar to that of the cubic perovskite. These modes can be described; in decreasing frequency order, as: Stretching of Ca-O (550 cm -1 ), stretching of Zr-O (400 cm -1 ) and stretching of Ca-Zr (150 cm -1 ). Consequently, the signals located at 550 and 400 cm -1 which are diagnostic of this phase, are detected from 1100 °C. As the temperature increases these bands become better resolved, in consistence with increasingly calcium zirconate that is formed, as can be seen in the spectrum of the material treated at 1400°C. This technique neither is suitable to corroborate the formation of CaHfO 3 , because its bands are located in the same region than the bands associated to CaZrO 3 . Nevertheless it can be affirmed that HfO 2 has reacted due to the fact that its band located at 752 cm -1 has disappeared. For this reason, the formation of CaHfO 3 could be supported (Zoz & Karaulov, 1991) . Monoclinic ZrO 2 and CaZrO 3 phases absorb in the same spectral region due to their similarities in coordination number and bonding characteristics. However, regarding Zr-O vibrations belonging to zirconia, these frequencies are observed at 574 and 490 cm -1 , in the spectra of samples treated below to 1350ºC. The absorptions located between 910-880 cm -1 and at 980 cm -1 , are attributed to Si-O symmetric and asymmetric stretching, respectively; which are the typical vibrational modes of the silicate moieties forming the structure of the phase β-C 2 S (Gou et al., 2005) . These bands are observed, in samples submitted to calcination over 1000ºC, and subsequently its definition improves, as a consequence of bond reinforcing with the temperature increases. The existence of MgO is supported by the presence of a shoulder at 671cm -1 in the spectra registered for of all the materials obtained over 750ºC. This frequency is assigned to the stretching of the bonds Mg-O forming the MgO ionic crystal ( Singh & Upadhyaya, 1972) . On the other hand, the weak absorptions remaining in the spectrum of the end products calcined at 1400ºC, located at 3400, 1630 and 1575 cm -1 , are due to the presence of adsorbed moisture in the samples. In the same way as in zirconia these signals are assigned to O-H, H-O-H, and M-OH vibrations, respectively (Prasanth et al., 2008) . The spectral features of the samples are maintained, showing the maximum definition when the end products are formed, in the final thermal treatment at 1400ºC. Finally, it should be remarked that the FTIR spectra are in full agreement with XRD results. Moreover, the subtle details due to the formation of the new bonds were determined using the spectroscopic tool. Accordingly, the optimal temperature for the refractory material process seems to be 1400ºC.
Microstructure of the material D-Z
In Fig. 6 is presented a SEM micrograph of the bulk porous composite refractory material. The SEM image illustrated in this figure shows a homogenous microstructure consisting of dense rounded borders grains. This morphology should be attributed to the high temperature of synthesis which allows the grain growth and a reduction of porosity. Upon magnification, some degree of inhomogeneity is detected; since over the dark background some clear and smaller particles are observed on the surface. This feature is attributable to the mixed phase system, as determined by the combination of XRD and FTIR measurements. A careful inspection of the X-ray microanalysis of both regions allows confirming that they differ slightly in the chemical composition. The atomic analysis of the darker particles with block like appearance and some cracks on its surface is composed mainly by Zr and Ca, with a minor amount of Mg and Si, compatible mostly with the presence of CaZrO 3 , ZrO 2 , MgO and Ca 2 SiO 4 . On the other hand, in the X-ray microanalysis of the dispersed clear particles, a very low percentage of Al atoms were also identified, it would be attributed to the presence of the spinel MgAl 2 O 4 phase. Moreover these results are in fair agreement with the global composition estimated from XRD analysis. The elemental compositions measured during the scanning of the surface are similar, suggesting that the components are uniformly distributed in the microstructure. 
Formation of refractories from Dolomite-ZrSiO 3 mixtures, D-ZS
The behavior of the different batches submitted to firing up to 1350ºC, labelled D-ZS, was evaluated by using the combination of spectroscopic FTIR technique and XRD analysis; using a similar procedure to that described for D-Z specimens. The microstructure of the resulting material was also analyzed.
Evolution of the phases D-ZS on heating by X-Ray diffraction
Some of the XRD patterns belonging to the most relevant heating temperatures are illustrated in Fig. 7 . A detailed analysis of the diffractometric results suggests that at 350ºC, only the diffractions belonging to the minerals composing the starting materials, such as dolomite, calcite, quartz and zircon, appear; suggesting that no chemical solid state reactions have occurred yet. When the batch is submitted to calcination at 850ºC, both carbonate minerals, dolomite and calcite, are no longer observable, whereas quartz and zircon persist. Simultaneously new lines assigned to MgO, t-ZrO 2 , ZrO 2 (ss), CaZrO 3 , Ca 3 Mg(SiO 4 ) 2 and Ca 2 SiO 4 , are detected as the result of the apparently complete transformation of the dolomitic raw mineral in the products of the reaction with zircon. The tetragonal polymorph of ZrO 2 , which is the thermodynamically stable structure in the phase diagram (Rodríguez et al., 2002) is recognizable. The CaO generated simultaneously, seems to be partly as portlandite-Ca(OH) 2 due to its ease to hydration by air moisture. Whereas the remaining CaO, along with some MgO react with zircon and quartz giving rise to CaZrO 3 , Ca silicate and also the calciummagnesium silicate already mentioned. A remarkable increase of the characteristic peak of CaZrO 3 is observed over 950ºC. In coincidence, the presence of the as called spinel MgAl 2 O 4 phase is detected (see equation 6). CaZrO 3 keep growing to become the major phase at 1050 ºC and at this temperature the apparition of the mixed oxide formulated Mg 2 Zr 5 O 12 is www.intechopen.com observed. Consequently, these phases seem to be the result of a series of reactions which could be interpreted as follows:
3 CaMg(CO 3 ) 2 (s) + 2 ZrSiO 4 (s) → Ca 3 Mg(SiO 4 ) 2 (s) + 2 t-ZrO 2 (s) + 2 MgO (s) + 6 CO 2 (g) (7) CaO (s) + t-ZrO 2 (s) → ZrO 2 (ss) The compound Ca 3 Mg(SiO 4 ) 2 persists until 1050ºC, and then it decomposes upon firing giving rise to Ca 2 SiO 4 which is a more stable silicate phase. This result is supported by thermodynamic calculations which establishes a reaction mechanism according to which Ca 3 Mg(SiO 4 ) 2 appears as the first phase during the reaction (Rodríguez et al., 2002) . It is in this context that the reaction was proposed. Furthermore the coexistence of both silicates, in equilibrium, in the range 850-1100ºC is valid. On the other hand, since this reaction demands CaO to proceed, this suggests that its hydroxide should be present in the mixture ; although it is undetectable by XRD, probably due to superposition with the peaks of other compounds, especially that of calcium silicate, or due to low crystallinity. The specimen treated at 1350ºC is mainly constituted by CaZrO 3 , CaSiO 4 and MgO. A semiquantitative XRD analysis of the phases present was carried out by taking into account the peak intensities obtained by XRD data with the appropriate software, as already described.
The amount of the components in the mixed phase is estimated in the proportion 47: 20: 16 %, respectively. The compounds Mg 2 Zr 5 O 12 , ZrO 2 (ss) and the so-called spinel phase MgAl 2 O 4 were detected as minor components. The cubic calcium partially stabilized zirconia is present in the final product, as the result of incorporation of Ca(II) ions to the crystal lattice of t-ZrO 2 .
A careful analysis of the evolution of the different phases with the temperature in the range 350-1350ºC, was studied. The peak intensities found for each compound at the main temperatures of synthesis are depicted in Fig. 8 
FTIR analysis of D-ZS samples, treated in the thermal range 350-1350 ºC
The FTIR spectra of the specimens are in full agreement with the XRD results. In addition, some other evidences, regarding phases not so clearly detected by X-ray diffraction, could be ascertained. The IR data of the calcined samples at different temperatures were analyzed. The spectral patterns of most representative firing steps may be seen in Fig. 9 . Up to 350ºC no significant changes are observed in the IR spectra, in comparison with the spectral patterns of the reactants. During the thermal treatment from 850ºC to 1050ºC , the bands assigned to dolomite are detected, which disappeared totally at 1300 ºC. This spectral evidence allows determining accurately the end of the decomposition of this mineral that could not be ascertained through XRD analysis. The sharp and low intensity signal at 3643 cm -1 , attributed to the vibration of the bond Ca-OH, is diagnostic to identify hydrated CaO. This signal is observed over 750ºC then it weakens as temperature increases being observable until 1200ºC. The characteristic bands of CaZrO 3 are detectable from 850ºC, showing enhanced definition as temperature rises up to 1350ºC, due to the increase in the formation of Ca-O-Zr bonds. On the other hand the typical vibrations belonging to the Si-O-Si bonds of silicates are detected at 850ºC, confirming the proposed reactions. Nevertheless it is difficult to assign unambiguously this vibration to distinguish between Ca 3 Mg(SiO 4 ) 2 and Ca 2 SiO 4 . Despite Zr-O vibrations belonging to zircon and zirconia, absorb in a similar spectral region, due to the similar coordination and bonding; the typical ZrO 2 absorption located at 574 and 490 cm -1 , are present until 1300ºC. MgO could be observable through the shoulder at 671 cm -1 , in the low energy region in the spectra of the specimens treated over 1200ºC.
Microstructure of the material D-ZS
Concerning the morphology of the material D-ZS obtained at 1350 ºC, which can be seen in Fig. 10 , the formation of a bulk porous microstructure is observable, with a quite different microstructure in comparison with the D-Z specimen. Indeed the refractory obtained from the D-ZS batch seems to be more porous and smaller in the size of the grains than the D-Z batch; and also in contrast with this material, in the case of D-ZS a very well developed three dimensional network microstructure was observed for this composite material. This feature is probably due to the liberation of CO 2 , through the silicate network, that forms a homogeneous open pore structure. The analysis of the backscattering image shows that the grains with bright contrast are belonging to the Zr-compounds; whereas those with dark contrast should be mainly attributed to MgO and Ca 2 SiO 4 . Moreover it is clearly observed that the grains are connected to each other via thick necks, suggesting that in this composite the Zr-phases have a "direct" bond to the other components, with good mechanical integrity. In addition the X-ray microanalysis is in fair agreement with the global composition, estimated from XRD data. 
Conclusions
Dolomites from Olavarría have got mineralogical, chemical, granulometric, and specific surface characteristics that make them appropriate to obtain MgO-CaZrO 3 refractory materials manufacture by a simple processing at high temperature by solid-state reaction. The process used in this study is very cost-effective because of the use of a natural ore and commercial grade zirconium sources. The phases formed during the refractory material synthesis could be well characterized, structurally and spectroscopically, by combination of XRD and FTIR techniques. The final composition is dependent of the Zr-sources. When ZrO s is employed the preparation optimal temperature can be estimated at 1400ºC and the main co-products are ZrO 2 (ss), the spinel MgAl 2 O 4 and β-CS 2 . When ZrSiO 4 is used the principal co-product is Ca 2 SiO 4 , accompanying by ZrO 2 (ss), the spinel MgAl 2 O 4 and the mixed oxide Mg 2 Zr 5 O 12 , in a minor proportion. The final product is formed at 1350 ºC. Despite the high quartz-SiO 2 content of Argentine dolostones, in comparison with the dolomitic mineralogy of other deposits in the world, the composition of phases and the microstructures achieved meet the requirements for cement kiln refractories.
The morphology of the samples shows that the Zr-phases are well dispersed within the composite matrix. In addition, in the powdered specimen obtained using zircon the "direct" bonding of the compounds could be confirmed.
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